To estimate the incremental cost of nosocomial bacteremia according to the causative focus and classified by the antibiotic sensitivity of the microorganism.
Introduction
Nosocomial infections are one of the main adverse effects of healthcare. A study of the costs of adverse events conducted in 12 Spanish hospitals reported that they represent 64.2% of the total cost of adverse events. [1] Bacteremia worsens the prognosis of infections, since it can trigger septic shock, with multiorgan failure, which increases mortality, hospital stay, and costs.
In Spanish hospitals, the prevalence of nosocomial infections in 2014 was 5.6% of admitted patients, and a substantial proportion of these infections (15.3%) were bloodstream infections (NBSI). [2] The cost increase of hospital care due to the presence of bacteremia oscillates between $5875 (€7814) and $86,500 (€115,045) [3] due to the wide variation in patient profiles, the type of infection, the causative organisms, and calculation methods. The few analyses including all patients in a hospital have reported excess costs of €11,916 [4] and €12,853. [5] These costs increase when the causative microorganism is resistant to antimicrobials, since the costs of bacteremia episodes caused by multidrug-resistant microorganisms have been estimated to exceed those of episodes caused by multidrugsensitive microorganisms from $18,588 to $29,069 (€24,722 to €38,662). [6] The development of an infection and the consequent risk of bacteremia while a patient is receiving hospital care is often a problem of healthcare quality. Associated excess costs are used as a measure of the impact of these infections, although some authors have suggested that traditional ways of calculating these costs overestimate the increase due to the existence of various types of biases. Primarily, an episode of nosocomial bacteremia is partially related to length of exposure and, consequently, longer hospital stay increases the risk of infection. In addition, a hospital-acquired infection generates additional days of stay, turning length of hospital stay into a time-dependent bias. Other biases are related to uncomplete information on other confounding variables (default variable bias) or inclusion of an inadequate number of control cases in the sample (selection bias). [3, 4, [7] [8] [9] Analytic accounting systems can be considered as the best cost calculation method, since they faithfully reflect variability in clinical practice, [10] even though, due to their complexity, they are implemented in a few hospitals.
Previous studies of the economic impact of adverse events have demonstrated the strengths of using full-costing accounting techniques compared with the secondary estimates employed in many studies. [1, 4, 7, 9] Numerous studies have also shown the reduction of analytical biases using a propensity-score approach. [4, 6, 7, 11] Consequently, this strategy may be useful to identify the cost of bloodstream infections, since it provides information for prioritizing resources to reduce this problem and allows evaluation of strategies for their reduction.
The main aim of this study was to calculate the incremental cost of nosocomial bacteremia according to the causative focus, classified by the antibiotic sensitivity of the causative organism.
Methods
This study was performed at Hospital del Mar, Barcelona, a tertiary teaching hospital with 400 beds providing medical and surgical care, with a catchment area of 300,000 inhabitants.
The study population consisted of acute care hospital admissions from 2005 to 2012. All discharges were classified with the all-patient refined-diagnosis-related group (APR-DRG) v. 24.0 grouper. [12] We selected admitted patients who developed nosocomial bacteremia caused by Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae, or Pseudomonas aeruginosa. These microorganisms were analyzed because of their high prevalence, and, in Spain, are often multidrug-resistant. The control group included all patients in the same APR-DRG group if at least 10 cases without bacteremia were found in the same DRG.
We excluded admissions grouped into nonspecific APR-DRG. Patients with 2 or more episodes of bacteremia during the same hospital stay were also excluded because these patients have specific risk factors. [13] The dependent variable was the cost of the hospitalization episode. The main explanatory variable was the presence of nosocomial bacteremia. Additional study variables were age and sex, type of admission (emergency or elective), admission diagnosis, type of treatment (medical or surgical), discharge status (alive or deceased), level of comorbidities as measured by the Elixhauser index, [14] the presence of complications, intensive care unit (ICU) admission, and per-patient cost before the bacteremia episode as a weighted measure of length of hospital stay (in days) prior to bacteremia detection and the cost weight of the adjacent APR-DRG group.
The total costs of hospital admissions with nosocomial bacteremia caused by the selected microorganisms and according to the source of the bacteremia were analyzed by taking into account the antimicrobial susceptibility of each microorganism. This group of patients was compared with the control group.
Definition of bacteremia and the criteria used to define the sources of infection causing bacteremia were based on Center for Disease Control and Prevention definitions. [15] Magiorakos criteria [16] were used to identify multidrug-resistant microorganisms.
Clinical information on the hospitalization process of each patient included in the study was obtained from the hospital information system, which has an established analytical cost accounting system in which cost distribution (full-costing) is realized according to activity-based-costing criteria. [10] Calculation of accurate per-day costs for each hospital admission was based on this cost-accounting system and on the standardized minimum basic dataset (MBDS), which provides information on the demographic characteristics of each patient, length of stay, type of admission, discharge destination, discharging department, and diagnoses and procedures coded using the international classification of diseases, ninth edition, clinical modification. All costs were adjusted to 2012 price levels according to the national price index published by Spain National Institute of Statistics.
[17] Admissions with bacteremia were identified using the dataset collected by the infection control department, which prospectively follows up all bacteremia episodes.
A descriptive analysis was conducted of all variables related to admissions with and without bacteremia and to microorganism sensitivity. The chi-square test was used to compare categorical variables and mean values were compared using the analysis of variance test.
A generalized linear model with binomial distribution and logit function was fitted to estimate, for each admission, the probability of developing bacteremia (propensity score) and was used for propensity-score matching adjustment. [4, 7, 18] The model included the previously described variables, with logarithmic transformations for the APR-DRG cost weight and for prebacteremia cost (see Table 1 and Fig. 1 , Supplemental Content, http://links.lww.com/MD/B664 which shows the results of propensity-score matching model and bias reduction between variables). Subsequently, the propensity score was included in a generalized linear model with the Gamma distribution and the log link function to adjust the incremental cost of patients who developed bacteremia, as well as differences in this cost, depending on the infection causing the bacteremia and whether it was classified by the antibiotic sensitivity of the causative organism. The econometric model included the same variables as those used to estimate the propensity score.
The incremental cost of developing a bacteremia episode was calculated by comparing the adjusted cost of admissions with and without bacteremia within the same APR-DRG group.
The study was approved by the Ethics Committee for Clinical Research of Hospital del Mar, Parc de Salut Mar. All patient-level data were anonymized, and no additional informed consent was required.
Results
Of the 177,378 discharges included in the study, 1,703 (0.96%) developed an episode of bacteremia. Of these, 669 (39.3%) were caused by the previously defined microorganisms. Finally, 571 admissions with bacteremia met the inclusion criteria and 82,022 Table 1 . At hospital admission, patients from both groups had similar levels of comorbidities (Elixhauser index) and requirements for surgical intervention, although patients who developed bacteremia were more likely to be admitted to the ICU, had higher mortality, longer length of stay, and greater severity (DRG weight), which clearly suggested a higher profile of hospital costs.
The most frequent focus of bacteremia was urinary tract infection (UTI), with 136 (23.8%) cases, followed by nonsurgical abdominal infection, with 102 (17.9%) cases. The least frequent, 37 episodes (6.5%), was grouped as other infections. Overall, 29.2% of causative microorganisms showed multidrug resistance. Infections related to endovascular devices were associated with the highest percentage (37.2%) of episodes with multidrug resistance, followed by respiratory infections (35.9%). As Table 2 shows, bacteremia caused by a surgical site infection showed the lowest percentage of multidrug resistance (20%) (see Table 2 , Supplemental Content, http://links.lww.com/MD/B664 for additional descriptive results according to the causative organism and its antibiotic sensitivity).
Average observed costs according to the focus of bacteremia and antibiotic sensitivity of the causative organism are shown in Table 3 . Substantial differences were found according to the focus of bacteremia: those with a respiratory source with a multidrug-sensitive microorganism were the most costly, with a mean observed cost of €43,503; of the grouped foci, episodes caused by a multidrug-resistant microorganism had the lowest mean cost €16,238. The largest difference in the mean observed cost according to antibiotic sensitivity was detected for bacteremia caused by a respiratory infection: multisensitive microorganisms were €12,081 more costly (see Table 3 , Supplemental Content, http://links.lww.com/MD/B664 which summarizes distribution of fixed, variable, and drug costs, according to the focus of bacteremia and antibiotic susceptibility).
The mean incremental cost was estimated at €15,526 (Table 4 ). The mean incremental cost was €6786 for antimicrobialsusceptible and €13,299 for multidrug-resistant UTI bacteremia. The highest incremental costs were found for primary or unknown foci of bacteremia: €26,082 for antimicrobialsusceptible bacteremia, €29,186 for multidrug-resistant bacteremia, and €25,292 when the source of bacteremia was a respiratory infection with a multidrug-resistant microorganism.
Bacteremia was associated with an annual increase of €1,108,190 over total hospital costs. Primary bacteremia due to a multidrug-resistant microorganism had a substantial impact on total costs of €192,351 per year, followed by bacteremia secondary to an infection of the gastrointestinal system caused by a multidrug-resistant microorganism, with a total of €158,280 per year. Table 1 Characteristics of patients with and without bacteremiaand average cost of the episode.
Patients
Patients with bacteremia APR-DRG = all-patient refined-diagnosis related group, SD = standard deviation. Table 2 Distribution by focus of bacteremia and antibiotic sensitivity of the causative organism. 
Discussion
The present study analyzed the costs of all episodes of nosocomial bacteremia caused by the most common microorganisms in a tertiary university hospital. The aim was to provide information on the incremental cost of nosocomial bacteremia according to the causative focus, classified by the antibiotic sensitivity of the causative organism. Very little information is available in the literature on the foci causing nosocomial bacteremia, and even less information has been published on the costs associated with these episodes, except for costs associated with bacteremia due to vascular access devices frequently analyses that have focused in special care units on a single microorganism or outbreak used in special care units or analyses that have focused on a single microorganism or outbreak. [3, 18] Moreover, only 15.4% of episodes of nosocomial bacteremia occur in ICUs, with most of these infections (67%) occurring in conventional units. [20] The mean incremental cost of patients who develop bacteremia during admission was €15,526 per discharge, representing an annual increment in hospital cost of €1,108,190. The highest incremental cost was observed in bacteremia with a primary or unknown source caused by a multidrug-resistant microorganism, reaching €29,185, and the lowest corresponded to UTI bacteremia caused by a multidrug-sensitive microorganism (€6786) and those grouped in other foci, also due to multidrug-sensitive microorganisms (€6569).
In the nosocomial infections surveillance report of the Institut National de Santé Publique du Québec, [20] the most frequent source was vascular catheters, causing almost 22% of bloodstream infections, followed by those caused by a primary or unknown foci, and thirdly by those related to UTIs. This distribution differs from that found in the present study, in which the most frequent source was the urinary tract.
It is known that UTIs are the most frequent nosocomial infections, although they rarely give rise to an episode of bacteremia; it is estimated that bacteremia occurs in 3.5% of UTIs. [21] Even so, and due to their high frequency, UTI have been estimated to cause 21% of episodes of nosocomial bacteremia. [22] Table 3 Description of observed total hospital cost, according to the focus of bacteremia and antibiotic susceptibility of the causative organism. Table 4 Mean incremental cost and global impact according to the focus of bacteremia and antibiotic sensitivity of the causative organism.
Observed cost (€)
Incremental cost (€) Impact on cost (€) In our study, bacteremia episodes caused by UTI represented 23.8% of the total (n = 136), and we estimated that these patients generated an excess hospital cost of €1,196,387 in the period analyzed. According to Torres et al, [23] nosocomial pneumonia is the 2nd most frequent nosocomial infection and leads to the highest morbidity, mortality, and costs. Other authors have reported that this entity causes 8.7% of cases of nosocomial bacteremia. [20] In the present study, nosocomial pneumonia caused 13.7% of the episodes of bacteremia analyzed, of which 36% were caused by a multidrug-resistant microorganism. The incremental cost was €17,901 if the causative microorganism was multidrug-sensitive and was €25,292 if multidrug-resistant. It is noteworthy that the average cost observed in those caused by a multidrug-sensitive microorganism was much higher than those caused by a multidrug-resistant microorganism, possibly because these patients have more severe illness and high mortality rates; this effect disappeared in the estimation of incremental cost, thus confirming it.
As previously mentioned, there is more information on the costs associated with vascular access-related bacteremia, and although most of these analyses have been performed in ICUs, the excess cost reported varied from $3170 to $39,219 (€4216 to €52,161), [3] and the most frequent value is described at around $16,000 (€21,280). Most of these estimates are higher than the findings of the present study, in which incremental costs were estimated at €12,002 for vascular access-related bacteremia caused by multidrug-sensitive microorganisms and €14,513 for those caused by multidrug-resistant microorganisms.
Some authors have calculated that 10.9% of nosocomial bacteremia episodes are due to a surgical site infection. [20] The cost increase of SSI has been calculated to be $11,876 (€15,795). [24] A much higher cost than ours has been described in patients developing bacteremia caused by S aureus after undergoing hip or knee replacement surgery, reaching $67,439 (€89,694), although these costs included the cost of outpatient follow-up and readmissions, if they occurred. [25] This study has some limitations. First, we used information from a single center, which may hamper extrapolation of the results. Second, this study includes only hospital-acquired bacteremia. Other present-on-admission healthcare-associated bacteremia is always the result of a previous contact between the patient and healthcare and the hospital; all these hospitalization episodes have a cost that could have been reduced or eliminated. Finally, costs were calculated from the perspective of the hospital and the care of admitted patients.
This study aimed to assess the incremental cost of developing a bacteremia during hospital stay: for this reason, control cases were chosen from patients in the same APR-DRG group in order to take into account patients with infection but not developing bacteremia. A comparison with control cases without infection would have provided even higher estimates of incremental costs.
A strength of the study is that bacteremia was identified by the infection control team rather than through administrative databases, which have been estimated to identify only 20% of infections. [26] This allowed the identification of the total number of days of stay before the development of bacteremia. Moreover, this study analyzed actual observed costs through an activitybased accounting system, rather than by using estimated cost or tariffs or length of stay as a proxy of hospital costs.
Last, this study provides information on the cost of bacteremia according to the causative source, in a single study and using the same methodology, thus providing the cost relative to each of these foci in relation to the remaining foci and overcoming the limitation of analyzing infections in a single center.
In conclusion, this study shows that determination of the excess cost associated with nosocomial bacteremia, adjusted according to the causative focus and the antibiotic sensitivity of the causative microorganism, can be used to delineate the problem more clearly and thus adapt and prioritize strategies for its prevention according to its incidence.
